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ASTROMETRIC MEASUREMENT DESCRIPTION AND REQUIREMENTS 
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6.4.4 Hardware Description Overview 
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1 .3 Rationale for Space Station Utilization 
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1 .4-2 Historical Background (Contd) 
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1 .4-3 Historical Background (Contd) 
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1.5.1 Organizational Responsibilities . - This page intentionally left blank. 


MEMORANDUM OF AGREEMENT BETWEEN UNIVERSITY OF ARIZONA 


AND ARC — JANUARY 1985 

- RECOGNIZES JOINT INTEREST IN PROJECT AND ASSOCIATE!! SCIENCE 

- RECOGNIZES COMPLEMENTARY MANAGEMENT AND TECHNICAL 

CAPABILITIES 

- ESTABLISHES OVERALL APPROACH AND RESPONSIBILITIES 
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1 .5.2 ATF Project Organization . - This page intentionally left blank. 



MECHANICAL SYSTEMS OPERATIONS 

PLANNING 

ARC ARC 

i UOA UOA 
















1,5.3 Project Schedule . - The schedule shown here is based on the assumption that the SS Initial 
Operating Capability (IOC) is in 1994 and that ATF is an IOC payload. Based on the 1994 date, the schedule is 
tight and meeting the milestones shown is essential. It is worth noting that the Non-Advocate Review must be 
held prior to the beginning of the budget development process in the Fall. Therefore, a slip of that milestone 
results in a full-year slip in the program. 




NOTE: NAR = NON-ADVOCATE REVIEW RFP = REQUEST FOR PROPOSAL 















1 .6 Preliminary Systems Definition Study 




10 / 1/86 





10/1/86 




1 .6.2-2 Study Guidelines (ContcH . - This page intentionally left blank. 
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1.6.3 Study Schedule . - The Preliminary System Definition Study was initiated in March 1986 and is 
concluded with this report. As indicated by the accompanying schedule chart, all milestones have been 
accomplished. The time to conduct the study exceeded the original estimate by about 6 wk. 



FINAL REPORT 
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2.1 Planetary Detection: Scientific Rationale 
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2.1.1 Planetary Detection: Scientific Objectives . - A variety of questions about possible other planetary 
systems can be posed, many related to our attempt to understand the star and planet formation process. Of 
particular importance are questions that provide evidence on whether the basic theoretically derived 
understanding of the process of star and planet formation is correct. 



WHETHER PLANETS CAN FORM IN BIN, 




2.1.2 Planetary Detection; Science Requirements . - The positive identification of other planetary systems 
would have profound implications, both philosophically and scientifically. In planning a search for other planets, 
it is highly desirable that a negative result (no or very few detections) also have important implications. The ATF 
project has been designed so that a null result would greatly alter our understanding of the star formation 
process. 
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QSO'S: LOWER LIMIT ON DISTANCES AND INFORMATION ABOUT VARIABILITY 


2.3 Planetary Detection: Astrometric Requirements 
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3. 1.2-1 Ronchi Ruling Concept . - An alternative to the conventional approach to astrometry is to use a 
Ronchi ruling (a grating with alternating opaque and transparent lines) to modulate the star images and 
determine relative star positions from the phase relationships of the modulated signals. This approach uses a 
multichannel detector system in which star images are individually detected. 
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- MULTICHANNEL DETECTOR SYSTEM 




3.1 .2-2 Ronchi Ruling Concept (ContcH . - This page intentionally left blank. 
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3.2 Idealized Performance 
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INTEGRATION TIME INCREASED BY 1/THROUGHPUT = 853 





3.4.1 .2 Potential Systematic Errors: This chart lists the potential systematic errors that have been 
identified and studied in a preliminary way. Approaches for minimizing and/or correcting the errors are indicated 
in the "solution" column. 
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3.4.2. 1 Measurement Accuracy — Random Errors: Random errors increase the integration time required 
for a specified accuracy. If several sources of random error are present, the variances (a 2 ) from the errors add 
together to produce the effective total variance (this assumes independence of the individual error sources). For 
convenience, in this table, the individual sources are expressed relative to the variance due to photon statistics. 
To estimate the combined effect of the several sources of random error, one simply adds together the ratios of the 
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(b) INCLUDED IN JITTER. 

(C) WITH PROPER SELECTION OF FIELDS AND REFERENCE STARS THIS ERROR WILL 
BE NEGLIGIBLE (F « 1). 



3.4.2.2 Sensitivity of ATF to "Jitter": Of the known sources of random error, image jitter deserves particular 
attention. A special advantage of the moving grating measurement technique is that it is largely insensitive to 
random or otherwise uncontrolled motions of the telescope. However, it is quite sensitive to coherent jitter in a 
very narrow band (±0.1 Hz) about the modulation frequency, its harmonics, and its subharmonics. Grating 
frequencies can be chosen to avoid system jitter. 
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3.4.2.3-3 Measurement Accuracy: Jitter Analysis — Integration Time versus Amplitude: The integration 
time increase is plotted here as a function of the jitter amplitude. This view is useful when deriving a specification 
for the maximum jitter amplitude permissible (at various frequencies). The condition that the integration time not 
be increased by a given amount translates directly into a limit on the allowable jitter (see also the next plot). 






3.4.2.3-4 Measurement Accuracy: Jitter Analysis — Jitter Amplitude versus Frequency: The consideration 
discussed on the previous plot was used to derive this "allowable jitter spectrum." 
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3.5 Observation Time Requirements 
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3.6-1 Mission and System Requirements 


CO 

03 

CsJ 

to .<2 

‘ JZ 


£3 


CO 

t 


a> ^ 

5 * 


iS (fit© o . 0 uTx: c 

B 3 u^c“EoSq 

0)£ « E o 33 >, s 5 


c.E§ 

CD _ w 
C J>* 0 




> w 
ig 


M mil'® ® 5 
® co x: o a P ° 
2 S f E ® l_ >2 82 « 

x> 2 c 5 3 vp '^®5 o>= 
' E2<3®-£=°.E1/S 

|”l|ifia 

§Irto‘l5^E«| 
to - O ~ -_F ’x ^ ♦= 
-©£(/>. 9 £ o -® ® 
~ iS !e To ® cl-o to 
5 T 2 . w I— ® 5 Q- 5 -t= 

m 5 O ' 0 ) 0 ) 2 .® 3 
E= cb >-E 2-5^ 
5 W § = w 8 d 


(O 

JD 

O 


CD 

E 


<d a> 

-Q w 

52 _ 
2 P 

to 

o 
o 


a> 


c 13 

o § .a 


i~"o5) 

"■ > t- w 

w o co co 

§T8 tS S 

_ i|'° 

O ® w 
95 2 -Q 


Wo®® 

® c8 

c 00 a> o 2 

03 Xf* CD — '- 3 = 
"D W t* m 


<D O 0 


a> 


CD Q 

■o S 


CD O 


X3 

0 

CD 

£ co J 5 

r®r.o 

> 3 §.i-Q~t> 
® ^ 3 o E JS 

s ® ® 


c 2 


rr< 


a> 

E 

CO ® 
~ 0>~ 



a> 


£*'w E 


® 2,2 to ® -2 5 


jjr ® > £ ®t5 £ o 0 

• 2 


a> 0 


a> o 


c 

o 

To 

CO 


■ (8 ffl m O ® 1.5 CO •*- 



® ® §>2 c ‘5 

Q c « -E, ® c 
>vO -. 5 >a> O 
£ ° co ©0 05 

2 o "o $ 13 — 


>>.0 

•® _co 


CD 

C 

JO 

a. 


E i 


Q >,a-® co 

t CO ®t 3 

■c ^ E co 
tOnFPJP 


CD 


O 

o 


E 

13 


-4 0 (0 

•♦zl (1) E r ^oO rm© 

E-? wrSBS-! § _ 


= O 


CD 


d J3 i- o o c c 
E § 10 « 2 2 .2 ? 


Eco 


0 — w 

2-® o 52 - 

2 co c 
Q*(o o 

1 |l 


a> 

« fc l B)?£0'5 ® ® m 
8 « g,E £ <0^02 £ ® 

a) .Q a<sQ o 
go o ® >,tL£5 g 

£ ® I 2 2 > £ 

®£®§® 5 ®o 
® 2.-D * c > c ; g 


o :2 2 « 

co a. ol£ co 


o 

O 



OBSERVATION" - MULTIPLE INTEGRATIONS COMBINED TO YIELD STATED 
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3.6-2 Mission and System Requirements (Contd) 
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4.1-1 ATF Mission/System Overview 
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4.1-2 ATF Mission/System Overview (Contd) 
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- 32 INDIVIDUAL STAR IMAGE PICKUPS (FIBER OPTICS) 

- PHOTOMULTIPLIER TUBE (PMT) DETECTORS 

- 2.5 X MAGNIFICATION OF FIELD BY RELAY LENS 



4.1-3 ATF Mission/System Overview (Contd) 
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4.2 Astrometric Telescope Facility (ATF) 
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4.4-1 ATF Mission Requirements/Characteristics 
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4.4-2 ATF Mission Requirements/Characteristics (Contd) 
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4.7 Pointing 

l . This figure shows the assembled telescope attached to the 
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4? ,3 ATF Mounted on SS (Baseline Design) . - This figure shows the ATF mounted to an extension on the 
aft north side of the SS upper science keel. The CPS is mounted to an inclined face of the extension structure. 
This arrangement will permit the ATF to look at the zenith, straight aft, north, and south. 




10 / 1/86 






CO 




xt co in o o 

co o cd o o in 

N lO U) r- r t- 


O U) i- CM O 

o co in o 

CM t- 


s >. 


r* iu 

>. w 

(O 
CD if 

2 S 

UJ 3 
CO CO 
CO 

< ULi 

m 55 

3 = 
111 £ 
CD 5 

h- £ 

LL O 


5 B 

1 £ 

LU CO 

2 O 

3 2 
DC i= 


O 2 

5 ° 

5 z 

S t 

u_ < 


DC 2 

Ul 2 

X < 

UJ CO 

9 o -j 

< Z < 
I -j 2 
W El X 
Z U. UJ 
D < X 
to CD h 


H O 

CO < X 

? DC o 

LU 7 
UJ «s i= 

log 

CL O — 
_l 2 X 


DC DC 

O O 


2 2 
> > 


X X 
X X 


BALANCE WEIGHT 150 



- (See text for figure 4.8.1 -1 .) 
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4.8.1-3 Estimated ATF Mass (Contd) . - (See text for figure 4.8.1 -1 .) 
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4.10-1 ATF Operational Power Requirements 



O O h- O 
<0 0 0)^* 


o o o o o o 

^ CO CO O CM 

i— CM CO 


O O N. O 
CO O O) Tf 


O O O O O O 

'i- CO CO O CM CM 


CO 

cc w 

lu 


fit, 


3 

LU 

g| 

Q 2 

1 § 

2 fc 

8 * 

O 


rr OH 

o g 
g? “ 

LU Q. 

O i= 

o □ 

DC 3 

Q- 2 

< LU 

s I 

o LU 

a x 

cc LU 

< -J 

n 


P 3 
W 2 


S O 
2 F 

S z 

582 

z Q O 

O i W 

_l LU 
< « CO 

Z 2 z 
g i- 3 
<o §= w 

2 


o < 
cc 5 t 

* 0 a 

a § s 

i- g S 

DC O 2 
< UJ < 
P DC h- 
CO CL CO 


8 2 
§ I 

DC \z 

P S 

7 99 

LU ^ 
2 CJ 


§ 2 

d sy 

O z 

DC U_ 


4.10-1 10/1/86 




4.10-2 ATF Operational Power Requirements (Contd) 





TOTAL POWER REQUIRED 1408 2503 




4.11 ATF Environments Considerations 
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- THE PMT DETECTOR IS SHIELDED TO MINIMIZE RADIATION I 

- FIBER OPTICS PERFORMANCE NEEDS TO BE ESTABLISHED 
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ON-ORBIT SERVICING PERFORMED WITH ATF MOUNTED IN CPS 
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OPTICAL SUBSYSTEM — PRIMARY MIRROR 
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GUIDING SO THAT DATA CAN BE 
RECTIFIED BY TIME FOLDING WITH 
RESPECT TO MODULATIONS OF THE 
TARGET STAR. 
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PARAMETERS TO BE VERIFIED ON THE BASIS OF LINE 
AVERAGING OVER THE ACTIVE WIDTH OF THE RULING 




CD 

go 


: ” >* 

) O rj 

) w 2 

J Z) UJ 

:o<n . 

] XW2 
- W 5 C 
, h-CC 1 

>fe?i 

!Sj 3 g 

ImKO 
: tr w o 


S y . 

u.<g 
UJ z ^ 
jE x 
t<So 

gfeP 

5 UJ CD 
wsz 

aps 

0^0 


||£ 
S < OQ 


• < t*< UJ 
2 > o CC 

» o w O g 

hW«P, 

i&Sgg 

LU Z oQ 

!S^ §d 

:oE^o 


VIGNETTING OF 48-mm FOV AT 
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5.4-2 Focal Plane Instrument (Contd) 
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5.4-3 Focal Plane Instrument (Contd) 
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The visible imager is mounted in the FPI and is used for the following purposes: 
1 . Collimation and focusing of the primary mirror. 
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HARDWARE DESCRIPTION 
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S.S.3 Focal Plane Instrument — Top View . - A top cutaway view of the arrangement of the detectors and 
pickup arms is shown in this chart. Light from each pickup arm is sent to a dichroic mirror where it is split into two 
colors and sent to detectors. The instrument consists of two layers of pickup arms, light pipes, and detector 
assemblies. Only the top layer is shown in this figure. 



CM 

— 1 3 S 

LU g CO 
JO.< 


LU Q 

iSSE 

§“So 

|sss 

= X O CNJ 

s < 5 ” 

also 

z -la -i 
o -j — << 

a: O q q 

ms 

Qr<h 


CO 

z 

go 

tlS 

o|ffi 

Q_ ^ 

OC Li- 

W a. < 

fE 3 g 

xg£ 

LU Q_ O 


(/>“ 

UI 5 

a 5 



/// 


//X. 

V/ 


Q Q_ 

< D 

O * 

-l O 

k °-> 

O. U. -J 

„ O m 
OC w 5 

O Z 5j 

CL- O CO 
!§< 
CO OC < 


Z LU 

I- s > 
Z c o 

°0.< 
S 3 Q 
LU X Z 
I O < 
•” o- Z 

LU (nj LU 

I- . LU 
< m 5 


CL 
CL 3 
=>X Q 

X U Gj 

a 


— I r- LU 
UI O OC 


- co Z 
CO f- ~ 
UJ u. I 

U o CO 

LU m 
QC CO _ 

a o m 

LU C s 
CO tz LU 
LU c/5 CO 
X O <0 
H CL < 


I — QG GO 

hi s s 

rr LU LU 
^ CO CO 
^ CO CO 
LU < < 

co ^ ^ 

IDCOC 
I- < < 



5.5.4 Focal Plane Instrument — Pickup Arm Detail . - This chart shows two views of the entrance ends of 
the pickup arms. The major elements of the assemblies are identified. Three ball bearing guide wheels 
positioned at 1 20° to one another serve as guide rollers when the arms are extended. 
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. - This chart shows the overall dimensions of the FPL 




HARDWARE DESCRIPTION 
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5.5.6 Optical Schematic. - This chart shows the dimensions of the optical paths in the region of the post- 
focal-plane optics. The lever arms about the relay lens are designed to provide a magnification ratio of 2.5X. 
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Several approaches exist which may provide an ATF system with enhanced characteristics. The most significant 
of these items are listed on the adjacent chart and will be the subject of continuing studies. 

Some basic theoretical issues surround the character of the ruling that provides the metric information in this 
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SUN SHADE AND COVER SUB-ASSY 
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RONCHI RULING DRIVE CONCEPT 
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6.1 .2-6 Mechanical Concept fContdl - The cross section of the front end of the telescope tube will 
deviate from a simple circular shape by having mounting pads and brackets for supporting the front end 
electronics. These features will provide simple, stable attachment points for parts of the optics train, the sun 
shade, the FPI, various sensors, and supporting electronics. 
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6.2 Thermal Control Subsystem 
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SCALE OF 100 mm IN 2 MIN MODEL AND/OR EXPERIMENT 
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6. 2. 2.2 Assumptions: The assumed conditions and H/W characteristics, and the results of the analyses 
are presented in this and the following five figures. 
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6. 2.2.3 Structural Analysis : This page intentionally left blank. 
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6.2.2.4-1 Electronics Power Dissipation: This page intentionally left blank. 
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6.2. 2.4-2 Electronics Power Dissipation (Contd): This page intentionally left blank. 
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6. 2. 2.5 Mirror Heating Analysis: This page intentionally left blank. 
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6 3 4-1 Software . - The ATF CDS requires four distinct S/W packages. 

The first package is ATF peculiar and resides in the MDMs. This S/W specifies the order in which the sensor data 
are to be switched through the MDM. As such, it represents a map of the data format and is nearly unbranched. 

A different data map will be loaded for each ATF operating mode. This S/W package represents a simple and 
straightforward effort and is anticipated to remain static throughout the ATF mission. 
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fi. 4.2-1 Description . - Experience with large, precision-pointed payloads operated from the Space Shuttle 
indicates that arcsecond-class pointing accuracy is not consistent with a design strategy employing only a single 
stage of control and transference of the attitude information from the platform to the payload. Therefore, the ATF 
design includes a two-stage pointing control system (coarse gimbals plus magnetic suspension vernier pointing) 
and a dedicated inertial platform on board the telescope. 
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6.4.3.2-1 Vibration Isolation System Performance Estimate: A detailed PSD of the vibrations entering the 
base of the pointing mount from the SS structure is not available at this time. For this study it was assumed that 
the acceleration PSD is flat from the lowest SS structure frequency (0.1 Hz) up to the highest ATF structural 
frequency of interest (200 Hz). An acceleration level of 10' 2 g at 0.1 Hz corresponds to a maximum vibration 
amplitude at the upper-boom mounting location of about 25 cm. 




25-cm OSCILLATION AMPLITUDE IN WORST CASE 




6.4.3.2-2 Vibration Isolation System Performance Estimate: This page intentionally left blank. 
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IMAGE MOTION CAUSED BY RANDOM DISTURBANCE OF UNIT RMS INTENSITY (Ibf) 
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Measured Accelerometer Response 
and Dynamic Model Prediction 
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6.4.4.1-3 Hardware Description (Contd): The output signals from a star tracker and a gyroscope are 
combined in a Kalman filter implemented in the pointing control processor to produce a high-rate, real-time 
estimate of the pointing direction of the telescope. The DRIRU-ll 3-axis gyro has been well proven on many free- 
flyer spacecraft flights and the ASTRO star tracker was qualified to fly on a Spacelab mission. These components 
are expected to produce pointing reference signals accurate to better than 1 arcsec. 
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6.5.3.1-1 Power — Normal Operating Mode: This page intentionally left blank. 
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6.5.3.1-2 Power — Normal Operating Mode (Contd): This page intentionally left blank. 





SHORT DUTY CYCLE SO AVERAGE POWER IS SMALL; FUNCTION USED 
PRIMARILY FOR SETUP, CALIBRATION, OR DIAGNOSTICS. 





6. 5.3. 2 Power — Power Off Mode: This page intentionally left blank. 
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7.1.4 Power . - The ATF will provide standard payload power interface connections at the Vibration 
Isolation/Vernier Pointing Subsystem using SS-developed interface electronics. From this point, power 
conversion and distribution will be the responsibility of the ATF. 
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7.1.5 Thermal . - The ATF baseline requires no thermal interface to the SS and depends entirely on 
passive cooling. 
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8.2 Baseline Mission Analysis 




TOTAL OF NEAR-SOLAR TYPE = 56% 




r p ? Galactic Latitude Dependency . - Targets and their associated reference frames are assumed to 
have decreasing brightness with increasing galactic latitude as described in section 3.5. 
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8.2.6 Typical Telescope Tracking . - The orbital track of the SS is shown in the dotted line as it traverses 
over one revolution. The Earth avoidance regions are shown in the cross-hatch area and the sun and moon 
avoidance are shown by the shaded circles. The selection of stars are shown by the small circles and the 
viewing time and the slew time are shown along the path. 
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ATF MOMENT OF INERTIA = 160,000 Kg*m 2 ; TORQUE FORCE = 30 Nm; MINIMUM 
VIEWTIME = 7 MIN; AVOIDANCE ANGLES; SUN = 30°, EARTH = 30°, MOON = 10°, 
VELOCITY = 90°, SOUTHWARD = 0°, REARWARD = 0° 
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MINIMUM VIEW-TIME CONSTRAINT, (min) 
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Under the baseline constraints, the ATF should be able to view all sky regions approximately equally over its 
lifetime, spending about 79 to 81% of its time viewing stars. 

The performance of the ATF is only slightly decreased with the imposition of more severe pointing constraints. 
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3 Normal Timeline . - The weekly timeline for normal operations is shown on the opposite page. 
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The strawman ATF operations concept which has been described will satisfy the mission requirements. Several 
issues have been identified, however, which will need additional study. 

The sequence of initial assembly and checkout after the ATF is delivered to the SS will depend on the resources 
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10.1-1 Testing Baseline Concepts 
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The FPI will be functionally and environmentally tested at the unit and system levels. 

Flight, spare, and refurbished units will be tested to acceptance amplitudes for acceptance durations 
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- CONFIGURATION — 21. 5-m-LONG TELESCOPE 
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the ATF strawman design, ,he a«empt was made to minimize and simplify the external interfaces to the extent 
that this was practical. 
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